Abstract. Negative carbon and calcium isotope excursions, as well as cli- 
Introduction
The calcium and carbon cycles in the ocean-atmosphere system are closely linked via period longer than a few thousand years, the riverine input of alkalinity and carbon would 51 exceed the output and, alkalinity and carbon of the ocean would rapidly increase, leading 52 to a decrease in atmospheric CO 2 and possibly cooling [Caldeira and Rampino, 1993] .
53
Furthermore, depending on the duration and the magnitude of the disequilibrium, the 54 deep ocean would eventually become supersaturated with respect to calcite. However, the 55 evidence suggests that this was not the case during the end-Permian because temperatures 56 rose by several degrees [Holser et al., 1989; Magaritz and Holser , 1991; Retallack , 1999] 57 while the sedimentation rates in deeper shelf sections appear to have dropped dramatically
58
[ Bowring et al., 1998 ] indicating that there was no supersaturation with respect to calcite.
59
Similar arguments also apply to the K/T boundary because there is no evidence for a fully 
Values for F riv , F hyd , and F pw are prescribed (see Table 1 
114
However, while we recognize the desire for simplicity, there are problems with this ap-115 proach. First, the shape of the riverine perturbation is not realistic. An abrupt increase 116 in weathering rates, subsequently remaining elevated for 100ky, followed by an instanta-117 neous cessation and recovery back to pre-perturbation levels is very unlikely (Figure 2d) 118 as the change in weathering is expected to be more gradual in either direction. Second,
119
the feedback between carbonate burial and [Ca 2+ ] described in equation (2) is not used
The prescribed reduction in burial was used to simulate acidification (by reducing burial 124 by 17.7% over 100ky), which also contributes to an additional negative excursion in δ 44 Ca.
125
However, it is important to note that even without this prescribed reduction in burial, 126 the δ 44 Ca carb drops by about 0.27 due to the increased riverine flux alone (Figure 3 ).
127
In this simulation, the change in carbonate burial (Figure 3c) and pressure (see Table 2 ). Knowing Ω allows for calculation of precipitation rates of 153 inorganic calcite in shallow water according to [Caldeira and Rampino, 1993; Zeebe and 154 Westbroek , 2003; Ridgwell et al., 2003; Rampino and Caldeira, 2005] : where k cr is a rate constant (for values see 
158
As pointed out earlier, the δ 44 Ca carb in the preferred scenario (Figure 2b ) of Payne et al.
159
[2010] is mostly controlled by the weathering flux rather than acidification. By "turning 160 off" acidification, 90% of the δ 44 Ca carb signal is still preserved (Figure 3b ). Having [CO 
LOSCAR Simulations
In order to perform a more sophisticated analysis, we also used an expanded version where F Si and F C are silicate and carbonate weathering fluxes, respectively, and F 
313
Slowing down and eventually turning off the biological carbon pump over 50ky elevates 314 atmospheric pCO 2 via outgassing of CO 2 from the surface ocean (Figure 8a ). Due to a 315 sudden rise in pCO 2 (governed by Eqs. (7) and (8) isotope excursion (4 data points right after the extinction horizon) (Figures 1 and S4 ).
362
According to the statistical analysis, the change in δ 44 Ca conod and therefore a change in
KOMAR AND ZEEBE: END-PERMIAN CALCIUM CYCLE δ 44 Ca sw could be anywhere between 0.02 to 0.18 . This was then compared with the 364 δ 44 Ca sw evolution predicted by the LOSCAR in our preferred scenario (Figure 8 and 9 ).
365
The model calculated δ 44 Ca sw has the initial value of 0.32 which then exhibits a small 366 negative excursion of about 0.04 . The LOSCAR predicted change in seawater isotopic 367 composition presented here is therefore also consistent (within errors) with δ 44 Ca sw change 368 predicted by the conodont microfossil data.
369
Additional model runs ( Figure S5 ) were performed in order to test the model sensitivity from the end-Permian mass extinction, Geology, 27 (7), [645] [646] [647] [648] 1999 . 
